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I 
The invention relates to a nlechanism respon- 
slve to air denslty end adpted for use in con- 
junction with sirplane carburetors or other 
pratus wherein air density Js an Importnt fac- 
tor. The principal object of the invention 
fo provlde s simple and rellable mechanism for 
the purpose stated and to eliminate errors and 
inac¢uracies which bave .been unavoidable in 
prior mechan]smes intended for the saine gen- 
eral purpcse. 
The invenflor utSizes the principle tha air 
density aries direcfly wlth the air pressure and 
inversely with the air temperature. A member 
or arm ts provlded whlch Js movable about a 
pivotal axis and two means are provided in 
sociation with the plvoted arm, one means being 
responsive to air pressure and the other means 
being responsive to air temperature. These two 
means are so connected wlth the pivoted arm 
that the arm is moved in one direction in ac- 
cordance wtth increases in pressure and in the 
opposite direction in accordance wlth decreases 
in pressure, and that the arm Js moved in the 
flrst said direction in accordance .wth decreases 
in temperature and In the opposite direction in 
accordance with increses in temperature. The 
net result ts that the extent of pivotal movement 
of the erre represents changes in air density 
and that the position of the arm corresponds to 
air density. 
Great accuracy Ls attained by properly relat- 
in the various parts of the mechanism to ref- 
erence planes which represent abso]ute zero 
pressure and absolute zero temperature, as 
hereinafter more fully appear. 
Other objects and advantages of the present 
invention wi]l become apparent from a consider- 
ation of the appended speciflcation, claires and 
drawings, in which: 
Fig. I is a diagrammatic view of a mechanism 
embodying the invention. 
Fig. 2 is a diagrammatic view of an alternative 
mechanism embodying the invention. 
Fig. 3 is a diagrammatic view of another 
terrtive mechantsm embodying the invention. 
Referring to Fig. I, there ts provided an arm 
l0 pivotally movable about an axls at |2, the 
axts in this instance being in flxed position. 
The two means responsive respoctively to air 
pressure and air temperature are shown at 
and J6. The pressure responsive means |4 and 
the temperature responsive means | 6 may be of 
any usua] or preferred type, and those shown are 
intended to be merely lllustrative. 
As shown, the pressure responsive mear |4 

comprises two concentric expansible and con- 
tractable bellows 18 and |0 closed at one end by 
a flxed plate || and closed at the other end by 
a movable plate |4. The space between the two 
6 bellows and between the plates || and |4 Js 
evacuated, and the bellows are contracted and 
expanded proportionately fo increases and deo 
creases in the ambient air pressur e. The tem- 
perature responsive means 16 comprises a single 
10 collapsible and expansible bellows closed at 
ends and carried at one end by a flxed plate ||. 
The space wlthin the bellows I | ls fllled .wlth a 
sultable llquid and wlth the vapor of the saine 
liquld, and it wfll be understood that the vaPor 
15 wlthin the bellows exerts a pressure proportion- 
ate to the temperature. The bellows || ls ex, 
panded and contrac[ed proport,]onate]y to in- 
creases and decreases in the ambient air tem- 
perature. 
20 Connected respectively with the pressure re- 
sponsive means |4 and with the temperature 
responsive means | 6 are two devices which co- 
operate ith the arm | 6 to move it in accordance 
with the movements of the pressure responslve 
25 means and the temperature responsive means. 
Preferably, and as shown, the device connected 
with the pressure responsive means |4 ts a rod 
36 connected with the plate 24 and carrying a 
transversely slotted crosshead 32. The devlce 
30 connected with the temperature responsive 
means |6 is a rod 34 carrying a transversely 
slotted crosshead 36. The arm |6 ts provlded 
with a longitudinal slot 36. A pin 42 projecs 
thru and flts the slot 36 and the two slots in the 
35 crossheads 32 and 36. Suitable means (hot 
shown) are provided to prevent endwise move- 
ment of pin 42. 
:t wfll be observed that the two devices 
and 34 are operable simultaneously but inde- 
4o pendently of each other to move the arm |6, 
the sad Cevices serving to pivotally move the 
arm |6 to  etent depondent on the amounts 
of movement of the corresponding pressure re- 
sponsive and temperature responsive means. 
45 The said devices 30 and 34 act upon the arm 
af the saine side of its pivotal axts. Y.f it be as- 
sumed that the temperature remains constant, 
the device 36 .with ifs crosshead wfll more up- 
ward and wfll move the arm | 6 in the counter- 
5o clockwise direction as the air pressure increases 
and will move downward and more the arm in 
the clockwise direction as the pressure de- 
creases. Thus, counterclockwise movement ef- 
fected by the device 6 represents increased air 
5.5 Ç_nty and clockwise movement represents de- 
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creased air det. If it be assumed that the 
pressure remains constant, the device N with 
ifs croeshesd will move toward the left and wfll 
more toward the riht and will more the arm 
in the ©lockwise direction as the air tempera- 
ture lncïases. It will be observed that coun- 
terolockwise movement effected by the device 
represents increased air dent and that clock- l0 
wise movement represents decreased air density. 
Actually, the air pressure and the air tempera- 
ture my change simultaneously but neverthe- 
less movement of the arm 1| in the counter- " 
clock-wtse direction always represents increased 15 
air density and movement of the arm 1| in the 
clockwlse direction always represents decreased 
air density. 
Preferably, in order to attain a high degree of 
accuracy, the axls f| for the pivoted arm f0 ts 20 
poaltioned at the intersection of two reference 
planes AmA and B---B whl©h are perpendicular 
to each other. The plane AmA ls perpendicular 
to the direction of movement of the pressure 
.sponsive means .f| and.its associated device |0 .25 
.and ls so. related to the pressure means as to rep- 
resent absolute zero pressure.. In other words, 
the reference plane AmA s so located that the 
pressure responsve means !4, ff it were capable 
of responding to absolute zero pressure, would 0 
more the axts of the pin 42 mto the said plane. 
.The plane B---B ls perpendicular to the direction 
of movement of.. the. temperature responsive 
means !| and lts associated device |4 and s so 
 related to the temporature responsive means as 85 
to represent absolute zero .temperature. In.other 
words, the reference plane B=-B is so located 
that the temperature responsive means !M, ff it 
were capable of responding to absolute zero tem- 
perature, would more the axts of the pin 42 into 
the said plane. 
With the parts in the positions shown, the arm 
!,| ts at the angle « with respect to the reference - 
plane AA. The tangent of the angle « ts repre- 
sented by 45 
It being apparent that w represents the absolute 
pressure and that z represents the absolute tem- 50 
perature. If it be assumed that the temperature 
remains constant, W varies directly with the pres- 
sure and thus the tangent of the angle « varies 
directly with the pressure. The cotangent of 
the angle « is represented by 
If it be assumed that .the pressure remains con- 
stant, z varies, directly with the temperature and 60 
thus the cotangent of the angle « vartes directly 
with the temperature. Inasmuch as the cotan- 
gent of the angle « varies directly with the tem- 
perature, It will be evldent that the tangent of 
the angle « varies inversely with the temperature. 
From the foregoing description it will be ob- 
served that the .tangent of the angle « is in- 
creased directly in proportion to increases in 
.preure and decreased directly in proportion to 
decreases.in pressure, and it wfll also be observed 
that the tangent of the angle « is decreased di- 
rectly in proportion to increases in temporature 
and increased directly in proportion to decreases 
in temporature. Thus the tangent of the angle 
ls increased directly in proportion to increaes 
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in pressure and. decresses in temperature and ls 
decreased dlrectly in proportion to decreases in 
pressure and increases in temperature. In other 
words, the tangent of the angle « equals the 
ratio between the distance represenflng the abso- 
lute pressure and the distance representing the 
absolute temperature,.and it varies directly with 
.and corresponds to the air densité. 
The angular movement of the arm 10 can be 
utflzed in various ways. As shown in Fig. 1, the 
arm ! is mounted on a shaft 44 which carries 
a pinion 4|. The pinion meshes with a rack 4| 
car.ried by or formed on a movable valve member 
. The valve member , when moved by the 
rack and pinion, serres to partly open or partly 
close the passageway between two conduits  
and 4, and may thus be utflized to control the 
ratio of fuel to air in a carburetor adapted for 
airplane use. The valve O can be regarded as 
having the saine function as the density com- 
pensating valve ! ! ! shown and described in the 
copending application of Mflton E. Chandler, 
Serial No. 49081, flled June 10, 1943» now Pat- 
ent No. 2,393,144. 
Instead of operating a valve, as shown in Fig. 
I, the arm I O may be utflized, as shown in Fig. 2, 
to operate a pointer or needle | which cooper- 
ates with a flxed dlal or scale |. It will be 
understood that the graduations on the scale | 
are so spaced as to represent .the tangents of 
the angle « within the normal operatlng range 
of the mechanism. Thus the air density can be 
read dlrectly on the scale $. The construction 
shown in Fig. 2 is otherwise the same as that 
shown in Fig. 1 and repetition of the description 
Is unnecessary. 
Fig. 3 shows an alternative embodiment of the 
invention which is structurally different from 
those shown in Figs. 1 and 2 but which neverthe- 
40 less utflizes the saine principle. The pressure r¢- 
sponsive means s shown at | and the tempera- 
ture responslve means is shown at O. The pres- 
sure responsive means || s similar to the pres- 
sure responsive means ! 4 shown in Fig. 1 except 
that it bas only a single bellows |2, thls being 
mounted on a flxed plate |4. The space wlthin 
bellows 2 s evacuated, and said bellows, by vit- 
tue of its resiliency, contracts and expands pro- 
portlor[ately to increases and decreases in am- 
bient air pressure applied to its exterior. The 
temperature responsive means is simflar to the 
temporature responsive means ! $ shown in Fig. I 
and it comprises a singie bellows || carried by a 
flxed plate |2. A plvoted arm | Is provided 
55 which s simflar in function to the arm ! | shown 
in Fig. I, thls arm  being movable about a piv- 
otal axls at 
The devlce assoclated with the pressure re- 
sponsve means | for oporating the arm | s 
a bar 4 movable by the bollows in acoordance 
wlth changes in pressure. The arm | Is piv- 
otally connected with the bar 4 and the axes at 
2 s bodily movable with the bar. The device 
assoclated with the temporature responalve 
6 means || for operatlng the arm | is a bar | 
movable by the bellows in accordance with 
changes in temperature. The bar | carries a 
pin | which enters and flts a longitudinal slot 
70 If It be assumed that the temperature renirm 
cormtant, the bar 4 will be moved toward the 
left as the pressure increases, thus movlng the 
arm | in the counterelockwlse direction. Con- 
versêly, if the pressure increases the bar 4 will 
75 be moved toward the riht, thus moving the arm 
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clockwtse movement effected by the bar  rep- 
resents increased air denatty and clockwise 
movement represents decreased air dermlty. If 
It be assumed filat the pressure remains con- 
stant, the bar $ will be moved upward as the 
temperature decreases, and the arm 7| wfll be 
moved in the counterclockwise direction. Con- 
versely, the bar.7$ will be moved downward as 
the temperature lncreases and the arm 7| wfll be I0 
moved in the clockwise direction. It will be ob- 
served that counterclockwise movement effected 
by file bar 75 represents lncreased air dermity 
and filat clockwise movement represents de- 
creased air denatty. Actually, the air pressure 
and the ah" temperature may change slmulta- 
neously, but nevertheless movement of the arm 
7| in the counterclockwlse direction always rep- 
resents ncreased air denslty and movement of 
the arm 7| In the clockwlse direction always rep- 20 
resents decreased denslty. 
Preferably, n order toattaln a hlgh degrëe of 
accuracy file axes of the pin 7| moves in a ref- 
erence plane C whlch s perpendcular to the 
direction of movement Of the bar 
s so related to file pressure means || as t0 rep- 
resent absolute zero pressure. In 0ther words, 
file reference plane C---C Is so Iocated that the 
pressure responslve means |$, if It were apable 
of responding to absolute zero pressure,: would 30 
more the plvotal axls 72 nto the ssld plane. The 
sald axes 72 s movable in a reference plane D--D 
whlch la so related to file temperature responslve 
means 0 as to represent absolute zero tempera- 
ture. In other words, the reference plane D---D 
s so Iocated that file temperature responslve 
means $|, ff It were capable of responding to ab- 
solute zero temperature, would more file axis of 
the pin 7 Into the sald plane. 
Wifil the parts in the positions shown, file arm 40 
7 s at file angle b wlth respect to the reference 
plane D---D. The cotangent of file angle b 
represented by 
It being apparent that  represents file absolute 
pressure and that z represents the absolute tem- 
perature. If It be assumed that the tempera- 
ture remains constant, /varie directiy with the 
pressure and thus file cotangent of the angle b 
parles dlrecfly wlth file pressure. The tangent 
of fil_e angle b la represented by 
If It be assumed that the pressure remains con- 
stant, z parles directly wlth the temperature and 
thus the tangent of file angle b parles directly 
with the temperature. Inasmuch as the tangent 
of the angle b parles dlrecfly wlth file temvera- 
ture, It will be evldent thatfile cotangent of the 
sald angle b paries inversely wlth the tempera- 
ture. 
From file foregoing description It wlll be ob- 
served that the cotangent of the angle b fs in- 
creased direcfly in proportion to tucreases in 
pressure and decreased directly in proportlon to 
decreases in pressure, and It wlll also be observed 
that the cotangent of file angle b 
dlrectly in proportion to Increases in temperature 
and increased directly in proportion to decreases 
in temperature. Thus, file eotangent of the angle 
b s Increased dlrectly in proportion to Increases 
In pressure and decreases n temperature, and 

pressure and increases in temperature. In other 
words, the cotangent of the angle b equals the 
ratio between the distance representtng the ab- 
5 solute pressure and file distane representing the 
absolute temperature, and it paries directly with 
and corresponds to the air density. 
The angular movement of the arm 70 can be 
utflized in various ways, as for instance as de- 
scrlbed n connection wlth Flgs. I and 2. As 
shown, file arm 7| carries a pointer or r]eedle $2 
which c0operates with a dial or scale 04 carried 
by file m)vable bar 74. It will be understood that 
the graduations on the scale |4 are so spaced as 
to represent file cotngents of the angle b with- 
in file normal operating range of file mechanism. 
Thus, the .air denatty can be read direcfly from 
file scale |4. 
Whlle I bave shown and described certain pre- 
ferred embodtments of my invention, other modi- 
fications thereof will readily occur to those 
skilled in file art,. and I thereforeintend my in- 
vention tobe limited ordy by file appended 
Claims. 
I Claire as my invention: 
1. A device resPormive to air density .compris- 
ing in combination, a pivoted arm, two means 
operable indepeidenily of each ofiler for piv- 
otally moving file arm to an extent varying with 
changes in air density, one of file said means be- 
lng responsive to air.pressure and pivotally mov- 
ing the arm in one direction in accordance with 
tncreases in pressure and in file opposite direction 
in accordance with decreases in pressure and the 
other said means being resp0nsive to air temper- 
ature and piv«tally moving file arm in the flrst 
said direction in accordance with decreases in 
temperature and in the opposite direction in ac- 
cordance with lncreases in temperature, a needle 
moved by file arm filrough an lndicating range 
frictionally proportional to.file movement of the 
free end of said arm. and a graduated scale 
associated with the needle to enable the latter 
fo indicate air density. 
45 9.. A mechanism responsive to air density com- 
Pristng in combination,  pivoted arm, and two 
means operable independenfly of each other and 
acting upon file arm at file saine side of lts 
pivotal axis for pivotally moving file arm to an 
extent varytng wtth changes in air density, one 
of the said mearm being responsive to air pres- 
sure and.roving the pivot of said arm in one 
direction in accordance with lncreases in pres- 
sure. and in the opposite direction in accordance 
with decreases in pressure and the other said 
rieans being responsive to air temperature and 
oscillating the arm about its pivot in accord- 
ance with changes in air temperature, whereby 
the free end of said arm ls moved in proportion 
to variations in air density. 
3. A mechanism responsive to air density com- 
prising in combination, an arm movable about a 
flxed axis, flrst means separate from but oper- 
able by said armand movable proportionately to 
th e pivotal movement of the arm, and two meaîs 
operable independently of each other for pivotally 
moving the arm to an extent varylng, with 
changes.in air density, one of file said two means 
being responsive to air pressure and pivotally 
moVing thearm in one direction in accordance 
With increases in pressure and in the opposite 
direction in accordance with decreases in pres- 
sure and. the other said two means being re- 
sponatVe to air temperature and pivotally moving - 
the arm in the flrst said direction in accordance 
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with decreases in temperature and in the opposite 
direction in accordance with increases in tem- 
Perature, whereby the pivotal movement of said 
flrst means is proportionai to changes in air den- 
sity. 
4. A mechanism responslve to air density com- 
prising in combination0 two means responsive re- 
spectively to air pressure and to air temperature 
and movable in directions at right angles to each 
other, an arm pivotally movable about a flxed 
axis, a pin gulded for movement longitudinaily 
of the arm, and two movable crossheads con- 
nected respectively with the pressure respon- 
sive means and with the temperature responsive 
means and each having a transverse slot which 
receives the pin, the said crossheads cooper- 
ating with the pin to pivotally move the arm 
in one direction or the other in direct propor- 
tion to changes in air density. 
5. A mechanism responsive to air density com- 
prising in combination, a pivoted ami, means 
for supporting the ami and movable to move the 
pivotal axis thereof, and two means operable in- 
dependently of each other and responsive respec- 
tively to air pressure and to air temperature, a 
device connected with one of the last said means 
and engaging the ami at positions spaced from 
the pivotal axis thereof for pivotally moving the 
ami, and a device connected with the other of the 
last said means for bodily moving the support- 
ing means for the ami to move the axis thereof 
and thns pivotally move the ami, whereby the 
pivotal movement of the arm is directly pro- 
portional to changes in air density. 
6. A device responsive to air density com- 
prising in combination, a pivoted mi, means for 
supportin the ami and movable to move the 
pivotal axis thereof, two means operable inde- 
pendently of each other and responsive respec- 
tively to air pressure and to air temperature, and 
two devices connected respectively with the last 
said means for enabling them to pivotally move 
the ami, one of the said devices engaging the ami 
at positions spaced from the pivotal axis thereof 
for moving the said ami and the other of the 
said devices bodily moving the supportir means 
for the ami to move the pivotal axis thereof and 
thlls plvotally move the arm, the device connect- 
ed with the pressure responstve means serving 
to pivotally move the ami in one direction in 
accordance with increases in pressure and in 
the opposlte direction in accordance withde- 
creases in pressure and the device connected 
with the temperature responsive means serving 
to pivotally move the ami in the flrst said direc- 
tion in accordance with decreases in temperature 
and in the opposite direction in accordance with 
increases in temperature, whereby the pivotal 
movement of the ami is directly proportionai to 
changes in air density. 
7. In a mechanism responsive to air density, 
the combination of, tw» means responsive re- 
spectively to air pressure and to air temperature 
and movable in directions at right angles to each 
other, an ami pivotailY movable about a flxed axis 
at the intersection of two reference planes, one 
of the said reference planes being perpendicular 
fo the direction of movement of the pressure re- 
sponsive device and at a position representing ab- 
solute zero pressure and the other of the said ref- 
erece planes being perpendicular to the direc- 
tion of movement of the.temperature responsive 
means and at a position representing absolute 
zero temperature, and two indePendently and 
snultaneonsly operable devices relCflvely con- 
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. nected with the pressure responsive means and 
with the temperature responsive means and serv- 
ing to more the ami, tle device connected with 
the pressure responslve means serving in the 
6 event that the temperature responsive means 
remains stationary to so more t.he ami that the 
tangent of the angle of the ami with respect to 
one reference plane ls changed proportionaely 
to the change in absolute pressure and the 
10 vice connected with the temperature responsive 
means serving in the event that the pressure re- 
sponsive mcans remains stationary to so more 
the ami that the cotangent of the aforesaid angle 
is changed proportlonately to the change in 
16 solute temperature, whereby the pivotal more- 
ment of said ami ls directly proportionai to the 
absolute air denslty. 
8. In a mechanism respormive to air density, 
the combination of, two means responsive re- 
20 spectively to air pressure and to air temperature 
and movable in directions at rlght angles to each 
other, an ami pivotally movable about a flxed axis 
at the intersection of two reference planes, one 
of the said reference planes boing perpendicular 
26 to the direction of movement of the pressure 
sponsive device and at a position representing 
absolute zero pressure and the other of the said 
reference planes boing perpendicular to the direc- 
tion of movement of the temperature respon.ive 
30 means and at a position representing absolute 
zero temperature, a pin guided for movement lon- 
gltudinaily of the ami, and two movable cros- 
heads connected respectively with the preaure 
responslve means and with the temperature re- 
36 sponsive means and each having a transverse slot 
which receives the pin, the crosshead connected 
with the pressure responsive means serving in the 
event that the temperature responsive means 
remains stationary to so move the ami that the 
40 tangent of the aforesaid angle is changed pro- 
portionately to the change in absolute pressure 
and the crosead connected with the tempera- 
ture responsive means serving in the event that 
the pressure responsive means remains station- 
45 ary to so more the ami that the cotangent of 
the aforesaid angle is changed proportionately 
to the change in absolute temperature, whereby 
the pivotal movement of the ami is directly pro- 
portional to absolute air density. 
50 9. In a mechanism responsive to air densty, 
the combination of, two means responsive re- 
spectively to air pressure and to air temperature 
and movable in directions at right angles to each 
other, a plvoted arm movable wtth respect to two 
55 reference planes, one of the'said reference planes 
boing perpendicular to the direction of movement 
of the pressure responstve device and at a posi- 
tion representing absolute zero pressure and the 
other of the said reference planes being përpen- 
60 dicular to the direction of movement of the tem- 
perature responsive means and at a position rep- 
resenting absolute zero temperature and one of 
the planes passing through the pivotal axis of 
the ami, and two independently and simulta- 
ç5 neonsly operable devices respectiveiy connected 
with the pressure responsive means and with the 
temperature responsive means, one of the said de- 
vices bodily moving the axis of the ami along 
the last said reference plane and thus plvotally 
7o moving the ami to change the cotangent of the 
angle botween the ami and the satct plane pro- 
portionately to the movement of the correspond- 
ing responsive means and the other of the said 
devices engaging the ami at positions spaced fom 
75 the ptvotal axis thereof and within the other 
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reference plane for pivotally moving the arm to 
change the tangent of the angle thereof with 
respect to the first said reference plane propor- 
tionately to the movement of the corresponding 
responsive means, whereby the pivotal move- 
ment of the arm is directlY proportional to 
absolute air density. 
10. In a mechanism responsive to air densitY, 
the combination of, two means responsive re- 
spectively to air pressure and fo air temperature 
and movable in directions at right angles to each 
other, a pivoted arm movable with respect to 
two reference planes, one of the said reference 
planes being perperdicular to the direction of 
movement of the pressure responsive device and 
at a position representing absolute ze.ro pressure 
and the other of the said referenie planes being 
perpendilular to the direction of movement of 
the temperature responsive means and at a posi- 
tion representing absolute zero temperature and 
one of the planes passing through the pivotal 
axis of the arm, and two independently and 
simultaneously operable devices respectively ion- 
neited with the pressure responsive means and 
with the temperature resPonsive means, the de- 
vice cçnected with the Pressure responsive 
means bodily moving the axis of the arm along 
the last said reference plane and thus pivotally 
moving the arm to change the cotangent of the 
angle between the arm and the said plane propor- 
tionately to the movement of the said pressure 
responsive means and the device connected with 
the temperature responsive means engaging the 
arm at positions spaced from the pivotal axis 
thereof and within the other reference plane for 
pivotally moving the arm fo change the tangent 
of the angle thereof with respect to the first said 
reference plane proportionately to the movement 
of the said temperature responsive means, where- 
by the pivotal movement of the arm is directly 
proportional to absolute air density. 
11. A device responsive to air density com- 
prising a pivoted arm, and two means operable 
independently of each other for pivotally moving 
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10 
said arm to an extent proportional to changes in 
atmospheric density, one of said means includ- 
ing a pressure responsive element which moves 
rectilinearly in proportion to variations of atmos- 
5 pheric pressure and imparts a direct recipro- 
cative thrust along the axis of its movement to 
said arm, and the other of said means includ- 
ing a temperature responsive element which 
moves rectilinearly in proportion to variations of 
10 atmospheric temperature and imparts a direct 
reciprocative thrust along the axis of its move- 
ment to said arm, whereby said arm is moved piv- 
otally in proportion to variations of atmospheric 
density. 
15 12. A device according to claire 11 in which the 
two means act in directions at right angles to 
eaeh other. 
13. A device according to claire 11 in which the 
movable elements of said means move in lines at 
20 right angles to each other. 
14. A device according to claire 11 in which 
said arm moves pivotally about a point which 
corresponds to the absolute zero temperature and 
pressure positions of said means. 
25 JAMES S. WOODNARD. 
REFERENCES CITED 
The ïollowing references are of record in the 
file of this patent: 
30 
UNITED STATES PATENTS 
Number Naine Date 
1,771,646 NIiquelon ........... July 29, 1930 
2,070,842 Reichel et al ....... Feb. 16, 1937 
.5 2,366,566 Shivers ........... Jan. 2, 1945 
2,388,027 Weil .............. Oct. 30, 1945 
2,491,548 Branson .......... Dec. 20, 1949 
FOREIGN PATENTS 
Country Date 
Germany .......... Nov. 18, 1918 
Germany .......... Apr. 27, 1923 
France ........... May 11, 1925 
France ........... Oct. 25, 1937 



